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SUMMARY Ninety two non-penicillinase producing Neisseria gonorrhoeae (non-PPNG) strains
were investigated by the restriction enzyme technique with Hind III enzyme. Serogrouping by
coenzyme A with monoclonal antibodies and testing susceptibility to doxycycline were also
performed by an agar dilution method. Fifteen different restriction enzyme patterns were shown, of
which three represented 50% (46/92) of all strains. One band, representing a deoxyribonucleic acid
(DNA) fragment of I * 45 kilobase pairs, was shared by all the strains investigated. Serogroup WI
dominated, representing 57 isolates (62%) with four serovars, one of which was found in 82%
(47/57) of the WI serogroups. Eight serovars were found among WII and WIII serogroups, but no
one serovar dominated, as happened among WI serogroups. Identical serovars and restriction
enzyme patterns were found in eight patients who were epidemiologically linked. All strains were

highly or moderately sensitive to doxycycline, and the strains belonging to serogroup WI were more

sensitive than those in the WIT or WIII serogroups.

Introduction

We have previously described the use of the restriction
enzyme technique to characterise the genomic
organisation of Neisseria gonorrhoeae. 1-3 The
restriction pattern (genomic fingerprint) of individual
gonococcal strains appears to be stable and highly
specific. ' In fact, the restriction enzyme technique not
only differentiates between strains that by
phenotyping belong to different groups and types, but
may even detect subtle differences between isolates
that are completely identical by the coenzyme A
technique using monoclonal antibodies.
Though previous studies included small numbers of

partly selected strains, several different genotypes of
gonococci were discovered.1-3 Similar studies with the
closely related N meningitidis have shown an
interesting correlation between genomic organisation
and virulence.4 Thus among the wide variety of
restriction patterns represented by the prevailing B15
meningococci, only one very homogeneous set of
patterns appears to be linked with invasive disease.
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As in the case of meningococcal infection, northern
Norway at present has a considerably higher incidence
ofgonorrhoea than the average for the country.5 Even
in gonococcal infection the clinical range may, at least
in part, depend on bacterial rather than host factors.
The ultimate goal ofour investigations, therefore, was
to correlate individual restriction patterns and
serovars with the clinical outcome of the respective
infection.
The material studied in the present report consisted of

almost all gonococcal isolates obtained from patients
in the city of Tromso and the nearby surroundings (an
area containing about 70 000 inhabitants) during three
months. The specific aim of this study was to define
the genotypic and phenotypic heterogeneity of clinical
isolates ofN gonorrhoeae in this region of northern
Norway.

Patients, materials, and methods

GONOCOCCAL STRAINS
The material comprised 92 isolates of non-
penicillinase producing N gonorrhoeae (non-PPNG)
strains that were recovered in our routine laboratory
from 92 patients (53 women and 39 men) in the
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Troms0 area during the months June to August 1983.
We based estimations of the representativity of the
material on comparison with official morbidity
statistics.
We collected bacterial specimens from the cervix of

all 53 women and from the urethra of all 39 men with
charcoal swabs, which were transported to the
laboratory on Stuart's medium.
We used gonococcal agar medium prepared from

GC agar medium base (BBL Microbiology Systems,
Cockeysville, Maryland, United States of America)
with Bacto haemoglobin and IsoVitalex and without
antibiotics for isolation as well as subculture.
Identification of species followed standard laboratory
procedure. After being subcultured the strains were
either submitted directly to further analysis or frozen
at - 70°C in brain and heart infusion broth
supplemented with 10%o glycerol until required.

RESTRICTION ENDONUCLEASE FINGERPRINTING
The procedure for restriction enzyme fingerprinting
has been described previously. In short, bacteria were
grown overnight on the gonococcal (GC) medium
without antibiotics. One colony was further
subcultivated under the same conditions. Bacteria
were then harvested and lysed by the addition of
ethylenediamenetetra-acetic acid (EDTA), lysozyme,
ribonuclease, pronase, and Triton X-100. Deoxyribo-
nucleic acid (DNA) was extracted by repeated
treatment with chloroform and phenol and was
dialysed against a DNA buffer to an average
concentration of 600-1500 mg/l. The DNA was then
digested by the restriction enzyme, endonuclease Hind
III, as described by the manufacturer (Amersham,
England). We separated the resulting DNA fragments
electrophoretically in a 4%o polyacrylamide gel which
was run for 20 hours at 10°C with a constant current of
40 mA. DNA from the Escherichia coli phage P4,
whose molecular weight is 11 3 kilobase pairs,
digested by Hind III was used as a fragment size
marker.6 The gel was stained with ethidium bromide,
washed, and photographed in ultraviolet light. The
different band patterns (genomic fingerprints) were

compared visually.
We also scanned the individual restriction patterns

in gel with a Joyce-Loebl microdensitometer. The
experimental conditions were rigorously standardised
to secure comparable patterns. Every electrophoretic
run included several lanes for the well defined
fragments of phage P4 DNA digested by Hind III to
ensure comparability between different parts of the
gel.

SEROLOGICAL CLASSIFICATION
We serogrouped the gonococcal strains by coenzyme
A with monoclonal antibodies against protein IA
(serogroup WI) and protein IB (serogroups WII or III)

antigens.7-9 Each strain was tested by coenzyme A
against a set of six antibodies specific to protein IA
(designated 4G5 (e), 2F12 (d), 6D9 (g), 5C2 (k), 5G9
(i), and 5D1 (h)) and seven antibodies specific to
protein IB (3C8 (a), 2D6 (c), 2H7 (e), 2G2 (g), 2D4 (h),
3B10 (j), and 2H1 (k)). The serogroup and serovar ofa
particular strain was written according to reactivity
for example, IA/edih, IB/acjk, etc- as proposed by
Sandstrom et al, unpublished observation). (The
monoclonal antibodies were a gift from Dr M Tam,
Genetic System Corporation, Seattle, United States of
America, and the staphylococci containing protein A
were a gift from Dr L Rudin, Pharmacia, Uppsala,
Sweden).

ANTIBIOTIC SENSITIVITY TESTING
We tested sensitivity to antibiotic by an agar dilution
method" using gonococcus agar base (Oxoid,
England) containing various concentrations (0 03
mg/l to 16 mg/l) of doxycycline (Pfizer, New York,
USA). We transferred 107 colony forming units (cfu)
from a fresh culture of the strains to the agar surface
with a multipoint inoculator (Mast Laboratories,
Liverpool, England). The minimum inhibitory
concentration (MIC) was defined as the lowest
concentration that completely suppressed bacterial
growth.

Results

Table I shows the age and sex of the patients. The
dominance of patients aged under 25 (67070) and the
high percentage of women aged 15-19 (29%7o of all
patients) agree with the official morbidity statistics for
the region. 5 The number of strains recovered exceeded
the number of officially recorded cases ofgonorrhoea
by a factor of about I * 3. The recovery rates during the
period of observation were close to the monthly
average for 1983.
The fingerprints (restriction patterns) obtained with

the restriction enzyme method consisted of 40-45
bands, whose size ranged from 0 8 to 5 kilobase pairs.
Many of the isolates disclosed identical restriction
patterns, and only minor differences were discernable
between others. Table II and fig 1 show that 15
different restriction enzyme patterns (tentatively
designated I-XV) were detected among the 92 isolates.

TABLE I Age and sex of 92 patients with uncomplicated
gonorrhoea

Age Men Women
(years) (n = 39) (n = 53)

15-19 8 27
20.24 15 12
25-29 8 7
30-34 5 5
35-49 3 2
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FIG 2 Superimposed microdensitometer scanning of 15 individual restriction patterns ofstrains ofNeisseria gonorrhoeae
from the Tromso region.

TABLE ii Relation between serogroup and serovar patterns
and DNA restriction enzyme patterns (provisionally
numberedItoXV) of92 gonococcalstrainsfrom the Troms0
region

Restriction No ofstrains Serogroupl
enzyme pattern within each pattern serovarpatterns

I 18 15 A/edgkih

II 16

12III

IV

v

VI 6

ViI

viii

Ix

X

XI

7

8

6

XII

XIII

XIV

5

4

XV 1

2 LA/edgk
I IB/acej

14 IA/edgkih
2 LA/edgk

10 IA/edgkih
2 IA/edgk

1 IA/edgkih

1 IA/edgkih

4 IA/edgkih
2 LA/edgk
1 LA/edih

I LA/gk-IB/j

5 IB/acej
2 IB/ajk

8 IB/acejk

2 IA/edgkih
3 IB/acej
1 IB/cek

2 IB/acej
2 IB/ajk
I IB/cejk

4 IB/ajk
1 IB/cgk

3 IB/ak
1IB/cgjk

1 IB/ak

The band patterns I, II, and III dominated,
representing 50010 (46/92) of all strains investigated.
Only one strain was represented in each of the groups
IV, V, VII, VIII, and X.
Superimposed microdensitometer scanning of these

15 different restriction patterns showed only one band
(fragment size 1 * 45 kilobase pair) that was shared by
all the clones (fig 2). Many of the bands (peaks in the
figure), however, were clearly shared by most of the 15
genetic variants represented.

Table III shows that 57 (62Gb) of the 92 gonococcal
isolates belonged to the protein IA (WI) serogroup, as
identified by coenzyme A, and 35 (38%o) strains to the
protein IB serogroup (WII or WIII). One strain,
however, reacted both with protein IA (serovar
IA/gk) and with.protein IB (serovar IB/j). The 57

TABLE Ili Distribution into serogroup and serovar patterns
of 92 non-pencillinase producing Neisseria gonorrhoeae
strainsfrom the Troms0 region during June to August 1983
using monoclonal antibodies against protein IA and IB

Specific monoclonal No (%o) of
Serogroup antibodies against reacting strains Comments

WI Protein IA:
edgkih 47(51 1)
edgk 8 (87)
edih 1 (1 1)
gk 1 (1 1) Strain also

reacted with
protein IB/j

WII/WIII Protein IB:
acej 11(119)
acejk 8 (8 7)
ajk 8 (8 7)
ak 4 (4 3)
cejk I (11)
cgk 1 (11)
cgjk 1 (11)
cek 1 (11)
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strains of the protein IA (WI) serogroup belonged to
one of four different serovars, one of which
(WA/edgkih) dominated, being found in 47 (8207) of
the strains. The protein IB (WII or WIII) serogroup
was more heterogeneous as the 35 strains in this
serogroup belonged to one of eight different serovars,
none of which dominated.
As can be seen in table II, 15 of 18 strains of pattern

I, 14 of 16 strains of pattern II, 10 of 12 strains of
pattern ITT, and four of six strains ofpattern VI had the
serovar pattern IA/edgkih. Moreover, all eight strains
of pattern X had the serovar pattern IB/acejk. It was
also obvious that some of the strains with the same
serovar pattern had different restriction enzyme band
patterns.

Six patients from whom the strains in patternX were
isolated were epidemiologically linked, and the two
other patients with this pattern were also a contact
pair. No link between these two and the six patients
was, however, known.
The MICs of doxycycline for the 92 strains ranged

from 0 031 mg/l to 4 mg/l. Of the 57 with serological
markers for WI, 29 (51%7o) had MICs of 0-25 mg/l,
whereas 29 (8307o) of the 35 with markers for WII or
WIII had MICs of >0 5 mg/l. No strain was highly
resistant (MIC > 8 mg/l) to doxycycline.

Discussion

We have shown previously that the restriction enzyme
technique may differentiate between strains that by
modem phenotypic classification appear to be
identical. 1-3 Previous experience also indicates that the
individual restriction patterns are stable in vitro as well
as in vivo. ' Thus there were no changes in the
restriction enzyme pattern of one gonococcal strain
after 41 passages in vitro in six weeks. The various
virulent and non-virulent variants of colony
morphology of a particular gonococcal strain also
showed the same band pattern.' Furthermore, the
genetic stability has been shown by identical
restriction enzyme patterns ofone B15 meningococcal
strain after 29 passages in vitro in four weeks."
Another B15 meningococcal strain that was followed
from the time of acquisition (in the throat) through an
episode ofsepticaemia (in the blood) and subsequently
for 13 months as a carrier strain (in the throat) showed
completely identical restriction enzyme patterns
throughout the period of observation."I

The possibility of several gonococcal clones
coexisting in the same person has not been
investigated. In practice phenotypically similar, but
genotypically differing, isolates would only be
detectable if represented by a considerable percentage
of the total gonococcal population. Experience from
meningococcal studies, particularly the fmding of
genetic identity in isolates recovered from different

sites (throat, blood, and cerebrospinal fluid) of the
same patients,'2 as well as the completely identical
isolates from one person over a period of 13 months,"I
do not provide support for the multiclonal concept.
Stability of the individual clonal pattern combined
with the potential for detecting even subtle genetic
differences make the restriction enzyme technique
useful for epidemiological investigations of
communicable diseases, such as gonorrhoea,
particularly when combined with coenzymeA to show
serological markers.7
The material studied in the present report (including

age and sex distribution of the patients), which
appears to be representative of gonococcal disease in
our region, shows the wide variety of clones that may
operate simultaneously within a small epidemiological
area. The heterogeneity of these strains is further
shown by phenotypic classification by serology and
also by antibiotic sensitivity testing. Not
unexpectedly, the number of cases reported was
smaller than the number of gonococcal isolates
recovered. Unfortunately, we did not have the clinical
data connected with the individual isolates. Hence, the
interesting aspect of correlating restriction patterns
and phenotypic characteristics with clinical features of
the infection must await future studies.

In this study we found 15 different restriction
enzyme patterns and 12 serovars among the 92 strains
investigated. As shown in previous studies,
gonococcal strains with the same restriction enzyme
pattern could belong to different serovars or vice
versa. "- Interestingly, none of the penicillinase
producing strains of N gonorrhoeae (PPNG) in a
previous study2 showed the same restriction enzyme
band pattern as any non-PPNG strain in the study
reported here, even if they had identical serovars. This
lack of correlation between a particular restriction
enzyme pattern and a serovar enhances the
heterogeneity of gonococcal strains even more. The
same serovar pattern was found in 47 strains, however,
and although this serovar pattern was represented in
seven restriction enzyme patterns, several strains in
each group had identical restriction enzyme and
serovar patterns. As previous studies have shown that
strains with epidemiological links may have identical
restriction enzyme and serovar patterns, 1-3 we assume
that many strains with common genomic and serovar
patterns are epidemiologically linked, as we know was
the case for restriction enzyme patternX in this study.
One strain reacted with both protein IA/gk and
protein IB/j, which was confirmed by repeated
experiments.

In the study reported here the dominance of WI
strains was comparable with the findings of
Danielsson et al from smaller Swedish towns. 13 On the
other hand, WIT strains dominated in major
Scandinavian towns.7 WIlT strains are rare
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anywhere,7 13 as they were in this study. As WI strains
are reported to occur more often in women than in
men,'4 the dominance of women in our study (53/92)
may be another explanation for the high incidence of
WI strains. The occurrence of 12 serovars in our
patients makes us think that the introduction of new
strains is relatively common in this rather limited
geographical area.
The gonococcal strains in this study were more

resistant to doxycycline than those in the study by
Bygdeman, I5 whereas the correlations between
susceptibility to doxycycline and serogroups were
similar in the two studies.
The restriction enzyme technique may also be of

diagnostic value. It was of interest to note that of the
15 band patterns examined by superimposed
microdensitometer scanning, one band was found to
be shared by all the clones examined. This band (size of
fragments 1 * 45 kilobase pairs) could possibly
represent a diagnostic marker, at least of neisserial
infection. In fact, genetic tools for diagnostic
purposes are already reported in gonococcal
infection.'6 If this band is specific for gonococci it
could be used as a probe to identify gonococcal DNA
by hybridisation techniques. Microdensitometer
scanning might also be a potential tool for identifying
restriction enzyme bands that are characteristic of a
particular genotype. Such an approach would give us a
possibility of constructing DNA probes that could be
used to identify strains of a particular genotype by
hybridisation techniques. Work is now in progress
along these lines.
The combination of different markers in the studies

of diplococci has been shown to give more
epidemiological information than the use of only one
of them. '4 Thus the introduction of the restriction
enzyme technique in epidemiological studies ofbothN
meningitidis4 andN gonorrhoeael has been shown to
be of practical importance in the epidemiology of
meningitis and gonorrhoea. Unfortunately, the
restriction enzyme technique, like auxotyping, is
expensive, time consuming, and requires highly
qualified technicians. This novel tool has, however,
been shown to be a good alternative to auxotyping and
is of potential use in epidemiological studies of
gonococci when combined with serological
classification with specific monoclonal antibodies.
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